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NACELLE CHINE INSTALLATION FOR DRAG REDUCTION 

10 Inventor 

Christopher A. Konings 

Field of the Invention 
This invention relates generally to aerodynamics of aircraft and, more specifically, to 
aircraft wake controls. 

1 5 Background of the Invention 

Air travel has continued to grow in popularity. At the same time, air carriers are 
serving an ever-growing population. However, while the population wants sufficient 
services, they may not want to accept consequences which attend provision of those services. 
To take a common example, as cities grow, suburbs and population centers expand toward 

20 the direction of what used to be a remotely located airport. At the same time, to serve the 
growing population, more flights might be added. Ultimately, people who have moved 
toward the airport experience some of the noise associated with air travel. 

Increased airport noise presents problems. For example, in the late 1980s, the airport 
serving the city of Charlotte, North Carolina, added runway capacity to support additional air 

25 traffic needed to support the burgeoning community. However, nearby residents did not 
want to the additional noise that would result from the air traffic taking off from and landing 
on that new runway. Some of these residents went to court and obtained injunctive relief to 
prevent the runway from being used. Travelers who flew into and out of Charlotte 
experienced tremendous delays as a result. 
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Practically, there is no way to prevent population growth around an airport. 
Moreover, as a matter of law, it does not matter whether the airport was situated long before 
a population center ever emerged near the airport - citizens still have at least the right to seek 
legal relief if the noise amounts to the level of a "public nuisance." 
5 Noise concerns can be reduced if an aircraft is able to climb more steeply upon 

takeoff. An aircraft able to climb more steeply is able to distance itself more quickly from 
points on the ground. An aircraft's rate of climb is expressed as a climb gradient 7 which 
represents a ratio of the aircraft's lift to the aircraft's drag. FIGURE 1A illustrates how an 
improved climb gradient y improves an aircraft's ability to climb over and away from a 

10 populated area. At an airport 100, a first aircraft 110 has a climb gradient y 120 and a 
second aircraft 1 15 has a greater climb gradient 7" 125. Because the first aircraft 1 10 has a 
lesser climb gradient 7' 120 than the climb gradient y 125 of the second aircraft 115, the 
first aircraft 110 cannot climb as steeply as the second aircraft 115. As a result, the first 
aircraft 110 with the lesser climb gradient y 120 passes more closely over neighboring 

15 houses and other structures 140. Because noise is attenuated with distance, from the 
perspective of occupants of the houses and other structures 140, the second aircraft 115 
yields less noise. Accordingly, increasing the climb gradient effectively reduces noise 
around an airport. 

Improving the climb gradient of an aircraft not only can effectively reduce noise 

20 around airports, but can yield other benefits. To name one example, an aircraft with an 
improved climb gradient can carry a larger payload. The Federal Aviation Administration 
(FAA) mandates that an aircraft must meet a certain minimum climb gradient at take off. As 
a result, on hot days or at high altitude airports it is not unusual for a carrier to have to 
offload passengers or luggage in order to meet FAA safety guidelines to be able to depart. 

25 By decreasing drag, the denominator of the climb gradient, the climb gradient is increased. 
For instance, for every reduction of 0.0001 in the drag coefficient, the denominator of the 
climb gradient, a Model 777 commercial jetliner manufactured by The Boeing Company can 
carry an additional two-hundred pounds of payload. In other words, for every 0.0001 
improvement in the drag coefficient, a Model 777 commercial jetliner can safely carry 

30 another average passenger. Thus, improved/reduced drag not only reduces noise around 
airports, but can allow carriers to operate more efficiently, thereby reducing costs. 

FIGURE IB shows a conventional wing assembly 150 having a wing 160, an engine 
nacelle 170, and an engine nacelle mount 180 securing the engine nacelle 170 to the wing 
160. The wing 160 is equipped with a leading edge high lift device 165, such as a flat panel 

35 Krueger flap, a variable camber Krueger flap, or a slat which is shown in a deployed position 
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in FIGURE IB. A flow of fluid 190, which in this case is air, strikes a leading edge 195 of 
the wing assembly 150 in an operational angle of attack situation, such as takeoff, climbing, 
level flight, and other situations. As the flow of fluid 190 passes around the engine nacelle 
170, a turbulent flow 198 results over the wing 160. Such turbulent flow 198 is understood 
5 by one ordinarily skilled in the art as occurring in the wake of fluid flow occurring after the 
fluid flow has passed over a body. This turbulent flow 198 causes drag over the wing 160. 
As previously described, drag reduces the climb gradient and, thus, results in added noise 
around airports. 

There is an unmet need in the art for reducing noise produced by aircraft around 
10 airports. Thus, there is an unmet need for reducing drag. Reducing drag over an aircraft 
wing can increase the climb gradient of the aircraft, and effectively reduce the noise 
generated by aircraft around airports. Improved climb gradient can also enable carrying 
greater payloads. 

Summary of the Invention 

15 Embodiments of the present invention provide an apparatus and a method for 

reducing drag of an aircraft wing assembly. A chine or vortex control device is disposed on 
an outer surface of an engine nacelle. Reduction of drag over the wing and nacelle assembly 
improves the climb gradient of the aircraft, thereby allowing the aircraft to operate so as to 
reduce noise disturbances caused by the aircraft. Position and shape of the nacelle chine can 

20 be optimized to reduce drag for a variety of aircraft wing and nacelle assemblies. For 
example, the position and shape can be optimized for aircraft with and without leading edge 
high lift devices and other factors. In addition, while reducing drag, placement and shape of 
the chine can also be adjusted to reduce drag and increase the lift coefficient. 

More particularly, embodiments of the present invention provide an apparatus and a 

25 method for reducing drag of an aircraft wing assembly where the aircraft wing assembly 
includes a wing and an engine nacelle mounted to the wing. Embodiments of the present 
invention include a nacelle chine mounted on an outboard side of the engine nacelle, the 
nacelle chine being configured to reduce drag by redirecting at least a portion of fluid 
striking a forward end of the aircraft wing assembly such that a vortex is formed over the 

30 forward end of the aircraft wing assembly. Embodiments of the invention also include a 
mounting base configured to be secured to an outer surface of the engine nacelle at a 
mounting position along an outer surface of the engine nacelle. Embodiments of the 
invention also include a wing assembly incorporating the chine and an aircraft incorporating 
the chine. 
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In accordance with other aspects of the invention, size and placement of the nacelle 
chine are optimized according to the engine and wing combination for reducing drag 
according to one of modeling and empirical testing. The size and the placement of the 
nacelle chine suitably are optimized to reduce drag and/or to both reduce drag and increase 
5 lift. The chine parameters and the placement configuration can be optimized to reduce drag 
for a wing equipped with a leading edge high lift device, particularly in cases where the 
leading edge high lift device does not extend along a forward edge of the wing in a position 
over a location where the engine is mounted on the wing. 

Brief Description of the Drawings 

10 The preferred and alternative embodiments of the present invention are described in 

detail below with reference to the following drawings. 

FIGURE 1A is a side elevational view of two aircraft with different climb gradients 
taking off from an airport; 

FIGURE IB is a prior art front view of a jet engine mounted to an aircraft wing; 
15 FIGURE 2 is a perspective view from above the wing assembly of an engine nacelle 

equipped with a chine according to an embodiment of the present invention; 

FIGURE 3 is a front view of an engine nacelle equipped with a chine according to an 
embodiment of the present invention; 

FIGURE 4 is a graph showing drag coefficient plotted versus lift coefficient showing 
20 an effect of an embodiment of the present invention; 

FIGURE 5 is a side elevational view of an aircraft equipped with an embodiment of 
the present invention; and 

FIGURE 6 is a flowchart of a method using an embodiment of the present invention. 

Detailed Description of the Invention 

25 By way of overview, embodiments of the present invention provide an apparatus and 

a method for reducing drag of an aircraft wing assembly in operational angle of attack 
portions of flight where the aircraft wing assembly includes a wing and an engine nacelle 
mounted to the wing. Embodiments of the present invention include a nacelle chine mounted 
on an outboard side of the engine nacelle, and the nacelle chine is configured to reduce drag 

30 by redirecting at least a portion of fluid striking a forward end of the aircraft wing assembly 
such that a vortex is formed over the forward end of the aircraft wing assembly. 
Embodiments of the invention also include a mounting base configured to be secured to an 
outer surface of the engine nacelle at a mounting position along an outer surface of the 
engine nacelle. Embodiments of the invention also include a wing assembly incorporating 

35 the chine and an aircraft incorporating the chine. 
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FIGURE 2 shows a perspective view of a wing assembly 200 using an embodiment of 
the present invention. The perspective view is taken from a perspective above the wing 
assembly on an outboard side of an aircraft. Like the prior art wing assembly 100 
(FIGURE 1), the wing assembly 200 includes a wing 210, an engine nacelle 220, and an 
5 engine nacelle mount 230 securing the engine nacelle 220 to the wing 210. Also like the 
prior wing assembly 100 (FIGURE 1), the wing 200 is equipped with a leading edge high lift 
device 215, such as a flat panel Krueger flap, a variable camber Krueger flap, or a slat which 
is shown in a deployed position in FIGURE 2. The wing assembly 200 shown in FIGURE 2 
also includes a vortex control device 240 according to an embodiment of the present 

10 invention. The vortex control device 240 includes a chine 250 extending outwardly from the 
engine nacelle 220, as will be further described in connection with FIGURE 3. The chine 
250 extends from a mounting base 260 which secures the vortex control device 240 to the 
engine nacelle 220. The vortex control device 240 is mounted on an outboard side of the 
engine nacelle. As can be seen from FIGURE 2, the vortex control device 240 is deployed 

15 along a line roughly parallel to that of an axis of an engine (not shown) mounted in the 
engine nacelle 220. The vortex control device 240 also is positioned behind a leading edge 
270 of the engine nacelle 220, but forward of a trailing edge of the engine nacelle 280. 
Those ordinarily skilled in the art of prior art vortex control devices deployed on engine 
nacelles directed to changing lift characteristics are familiar with positioning vortex control 

20 devices along axes of engines between the leading edge 270 and the trailing edge 280 of an 
engine nacelle 220. However, as will be further described and appreciated, prior art vortex 
control devices have been sized and positioned to adjust lift parameters, not to adjust drag 
and, therefore, noise characteristics. 

FIGURE 3 shows a front view of the wing assembly 200 using an embodiment of the 

25 present invention. Again, the wing assembly 200 includes the wing 210, the engine nacelle 
220, and the engine nacelle mount 230 securing the engine nacelle 220 to the wing 210. The 
wing 200 also is equipped with a leading edge high lift device 215, such as a flat panel 
Krueger flap, a variable camber Krueger flap, or a slat which is shown in a deployed position 
in FIGURE 3. The vortex control device 240 extends outwardly from the engine nacelle 

30 toward the outboard side as previously described. FIGURE 3 specifically shows the chine 
250, with the mounting base (not shown) being mounted flush to the engine nacelle. 

As shown in FIGURE 3, a fluid flow of air 285 strikes a leading edge 270 of the 
engine nacelle. However, unlike in the case of the prior art wing assembly 100 of FIGURE 
1, the fluid flow 285 strikes the chine 250 instead of flowing around the nacelle 220 and 

35 becoming a turbulent flow 160 (FIGURE 1). The chine 250 creates an outboard vortex 290 
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that flows up toward the surface of the wing 210. The vortex 290 is a directed flow of fluid 
that advantageously results in less drag over the wing assembly 200. Because there is less 
drag, the climb gradient of an aircraft (not shown in FIGURE 3) equipped with the chine 250 
has an increased climb gradient. As a result, the aircraft can climb more steeply and thus 
5 generate less of a perceived noise disturbance or climb at the same gradient with more 
payload upon takeoff as previously described. 

As is highlighted in FIGURE 3, the vortex control device 240 is positioned radially at 
an angle r between zero degrees and ninety degrees as measured clockwise around an axis of 
an engine (not shown) mounted in the engine nacelle 220. The angle r preferably is 

10 optimized for the wing assembly 200 configuration. Similarly, a length and shape of the 
chine 250 also are optimized according to the configuration of the wing assembly 200. The 
wing configuration 200 manifests parameters including wing shape, size, and sweep angle, 
engine nacelle size and mounting features, presence or absence of a leading edge high lift 
device 215, such as flat panel Krueger flaps, variable camber Krueger flaps, or slats, 

15 extension of a leading edge high lift device across an entire surface of the wing or whether a 
gap is left over a nacelle, and other factors. Some or all of these factors can contribute to the 
aerodynamics of the wing assembly 200 and, therefore, may affect what is an optimal shape 
and/or placement of the chine on the engine nacelle 220. 

An optimal shape and/or placement for the chine suitably is determined using 

20 mathematical modeling and/or wind-tunnel testing for the wing assembly with which the 
chine will be used. For one non-limiting example, using a 747-400 aircraft manufactured by 
The Boeing Company with flaps in a Flaps 10 detent takeoff configuration, an optimal size 
and shape for the chine is an ogive-shaped chine with a base chord of 57 inches and a 
maximum height of 13 inches. An optimal position for the chine is 50 inches, plus or minus 

25 10 inches, from a leading edge of the nacelle, with a placement angle, angle r (FIGURE 3), 
of 70 degrees with no toe-in of the chine. A larger chine- was shown to have increased drag 
reduction benefits, but increasing chine size can negatively affect other performance 
characteristics, as will be described below. If the wing or nacelle has a different shape than a 
747-400, the wing has a different sweep angle than a 747-400, or other parameters are 

30 different, an optimal shape, size, and placement of the chine could vary significantly. 

Because it is known in the art to use vortex control devices or chines to improve the 
maximum lift coefficient of wing assemblies, it should be appreciated that a focus of using a 
chine according to embodiments of the present invention principally is to reduce drag, not to 
improve lift. In a vortex control device to improve lift, most positive difference is yielded by 

35 a chine on an inboard side of the engine nacelle. However, placement of a chine on the 
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inboard side of the engine results in increased drag over the wing assembly. By contrast, the 
drag reduction benefit is yielded by placing a chine on an outboard side of the engine, 
although chines on both sides can have positive lift improvement effects. 

FIGURE 4 shows a graph 400 plotting drag coefficient C D versus lift coefficient C L 
5 for various configurations of a hypothetical wing assembly. High lift coefficients are 
desirable, while lower drag coefficients are preferred. A first, solid curve 430 represents a 
plot of drag coefficient Co versus lift coefficient Cl for a wing assembly using no chines. 
The solid curve 430 serves as a basis for comparison with wing assemblies using other 
configurations. A second, dashed curve 440 represents a plot of drag coefficient C D versus 

10 lift coefficient Cl for wing assembly using an outboard chine shaped and placed to reduce 
drag. As can be seen by comparing the first curve 430 and the second curve 440, as the lift 
coefficient Cl is decreased, the wing assembly using the outboard chine exhibits a reduced 
drag coefficient Co as compared to the wing assembly using no chines. A dashed line 442 
represents an operational lift coefficient C L and, thus, what C D and C L both would be at an 

15 operational angle of attack for either type of wing assembly. Accordingly, the graph 400 
shows that, at operational angles of attack 442, a wing assembly using an outboard chine has 
a reduced drag coefficient Co as compared to a wing assembly using no chines. 

For comparison, a third curve 460 shows the drag coefficient C D and lift coefficient 
Cl plotted for a wing assembly using only an inboard chine. It will be appreciated that the 

20 third curve 460 shows that such a configuration exhibits a higher drag coefficient C D at every 
lift coefficient C L shown. Thus, use of an inboard chine has the effect of increasing drag, 
which is opposite of the effect advantageously afforded by embodiments of the present 
invention. 

FIGURE 5 is a side elevational view of an aircraft 500 using an embodiment of the 
25 present invention. The aircraft 500 has a fuselage 510 which supports a wing assembly 520. 
The wing assembly 520 includes the wing 530 and a plurality of engine nacelles 540, one 
which one is shown in FIGURE 5. The engine nacelle 540 is mounted to the wing 530 by an 
engine nacelle mount 550. A chine 560 is mounted on an outboard side of the engine nacelle 
540. The chine 560 is sized, shaped, and mounted as previously described in connection with 
30 FIGURES 2 and 3. As previously described, chines 560 suitably are mounted on a plurality 
of engine nacelles 540, and on the inboard and outboard sides as desired. 

The aircraft 500 shown in FIGURE 5 is generally representative of a commercial 
passenger aircraft, including, for example, the 737, 747, 757, 767, and 777 models 
commercially-available from The Boeing Company. The apparatus and methods disclosed 
35 herein, however, may also be employed in any other types of aircraft including those 
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described, for example, in The Illustrated Encyclopedia of Military Aircraft by Enzo 
Angelucci, published by Book Sales Publishers, September 2001. 

FIGURE 6 shows a routine 600 for determining a chine position and size to reduce 
drag and mounting the chine on an engine nacelle. The routine 600 begins at a block 602. 
5 Optimizing chine position and size to reduce drag is a function of the configuration of the 
wing assembly. Thus, at a block 604, the wing assembly configuration, including the nacelle 
and wing combination, are selected. Using empirical testing to determine desired positioning 
and shaping of the chine, at a block 606 the chine is positioned on an engine nacelle. At a 
block 608, a drag reduction caused by chine positioning and sizing is measured by modeling 

10 and/or testing. For example, wind tunnel testing suitably is used to measure effects on drag 
resulting from various chine sizes and placements. At a block 610, drag and noise reduction 
results are evaluated. At a decision block 612, it is determined if the results are satisfactory 
and/or optimal. As previously described, an objective is to decrease the drag coefficient C D 
at an operational lift coefficient C L . In keeping with the previous descriptions of airport 

15 noise concerns, minimizing the drag coefficient C D at a takeoff lift coefficient C L is 
satisfactory. If the results are not satisfactory or optimal, at a block 614 chine position or 
shape is adjusted and the routine 600 loops to the block 608 for further modeling or testing. 
On the other hand, if the results are determined at the block 612 to be satisfactory, at a block 
616, a working chine for mounting on an engine nacelle is created. At a block 618, the chine 

20 created at the block 616 is mounted on an engine nacelle. The routine 600 ends at a block 
620. It will be appreciated that, for multiple engine nacelle wing assemblies, the routine 600 
can be repeated for as many engine nacelles are used. 

While the preferred embodiment of the invention has been illustrated and described, 
as noted above, many changes can be made without departing from the spirit and scope of the 

25 invention. Accordingly, the scope of the invention is not limited by the disclosure of the 
preferred embodiment. Instead, the invention should be determined entirely by reference to 
the claims that follow. 
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